A malignant peripheral nerve sheath tumor with divergent osteogenic, myxomatous, and myoblastic differentiations is described in a 10.5-year-old male Labrador Retriever dog. The tumor involved the sixth and seventh cervical spinal cord segments and nerves. The diagnosis was based on the results of histopathology, electron microscopy, and immunohistochemistry.
Malignant peripheral nerve sheath tumors (MPNST), which originate from endoneurial fibroblasts or Schwann cells (or both), are relatively uncommon in animals except in dogs. 7, 8 According to one study, MPNST account for 26.6% of canine nervous system tumors. 8 In humans, MPNST represent about 5-10% of all soft tissue tumors and are often associated with neurofibromatosis type 1 (NF-1, von Recklinghausen disease). 4, 6, 14 Cutaneous NF resembling human NF-1 has been reported in Holstein cattle. 13 An informative polymorphism at the NF-1 locus of 2 animals and of their sire suggested that this disorder may be caused by hereditary mutations at the bovine NF-1 locus.
Supporting cells of the peripheral nerve sheath have the potential for both mesenchymal and epithelial differentiation. 4, 7 Several cases of MPNST intermixed with heterologous components such as bone, cartilage, muscle, and epithelial differentiations singly or in combinations have been reported in humans. 3, 9, 12, 14 Only 2 reports on MPNST with divergent differentiation were found in veterinary literature, both in dogs, one case with divergent and glandular differentiation 11 and the other with melanotic differentiation. 10 This report describes a case of unusual type of MPNST with malignant osteogenic, myxomatous, and myoblastic differentiation in a dog.
A 10.5-year-old male Labrador Retriever dog with tetraparesis was presented to the Louisiana State University Veterinary Teaching Hospital, Baton Rouge, Louisiana. The paresis was first found 2 months before in the left forelimb and progressed in order to the left hind, right fore, and hind limbs. There was a marked muscular atrophy of the left shoulder. A neurologic examination revealed hyperreflexia of all 4 limbs, but the pupillary light reflex and cranial nerves were nor- mal. Loss of lower motor neuron functions of the forelimbs and upper motor neuron functions of the hind limbs was found. The results of electromyograms indicated a lower motor neuron deficit of the forelimbs with peripheral nerve involvement. Radiographs showed no vertebral abnormalities. Myelography revealed swelling of the spinal cord between the sixth cervical (C6) and the first thoracic segments, with obliteration of contrast columns. On the basis of the results of the clinical examinations and radiography, an intramedullary tumor was suspected. The animal was euthanized because of poor prognosis.
At necropsy, a well-defined, firm mass was found at C6 and seventh cervical spinal cord segments, which extended into the spinal nerves and ganglia ( Fig. 1 ). Segments, 3-5 cm long, of the left C6 and seventh cervical spinal nerve roots and nerves were markedly thickened, up to 1-cm diameter and could not be readily separated from the surrounding tissues. The spinal cord was resistant to cutting and was gritty when sectioned. Cross sections of the spinal cord revealed a fairly well-defined mass that obliterated almost the entire left half of the C6 and seventh cervical segments. There was a centrally located hematoma, 0.5 cm in diameter at C6 ( Fig. 1 ; inset), with an attenuated tail extending to the second thoracic segment. The dura mater had multiple, linear, ossified plaques on the dorsal aspect.
The spinal cord and other representative tissues of the dog were fixed in neutral buffered 10% formalin, embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin (HE) for microscopic examination. Replicate sections from the tumor were also stained with trichrome, phosphotungstic acid hematoxylin (PTAH), Luxol fast blue (LFB), and Bodian methods. The presence of vimentin, desmin, cytokeratin, neuron-specific enolase (NSE), S-100, myelin basic protein (MBP), and skeletal muscle actin was evaluated by immunohistochemistry (IHC) using the avidin-biotin technique and commercially available antibodies. Diaminobenzidine was used as the chromogen with Mayer hematoxylin counterstain. Portions of the formalin-fixed tumor were postfixed in 2% glutaraldehyde and stained with uranyl acetate and lead citrate for transmission electron microscopy.
Histologically, the tumor consisted predominantly of anaplastic spindle-shaped cells and also confluent areas of heterologous sarcomatous regions with osseous, myxomatous, and myoblastic differentiation. The cellularity, pattern of neoplastic cellular arrangement, and amount of collagen matrix varied. In the dense cellular areas, spindle-shaped cells were often arranged in interlacing bundles and fascicles (Fig. 2) , with occasional nuclear palisades and whorl formations. The tumor cells had vesiculated, elongate to fusiform nuclei and moderate amounts of pale eosinophilic cytoplasm, with indistinct cell borders. There were 1-3 mitotic figures per high-power field (400ϫ). Only a few collagen fibers were present in this area.
The sparse cellular myxomatous area was characterized by loose, haphazardly arranged, fusiform to stellate cells embedded in an amorphous pale basophilic matrix (Fig. 3) . The osseous area consisted of haphazardly arranged, delicate, anastomosing cords of osteoid and mineralized trabecular bones produced by anaplastic osteoblastic cells (Fig. 4) . Numerous multinucleated osteoclast-like cells were also present. A section of the tumor at the spinal nerves contained a dense sheet of pleomorphic, round to polygonal to fusiform cells, which often had multinucleation and karyomegaly (Fig. 5 ). The malignant osteogenic differentiation was present only in the intramedullary portion of the tumor, whereas myoblastic differentiation was found primarily in the extramedullary spinal nerves.
Special stains failed to demonstrate myelin formation (LFB), neurons and axons (Bodian), and muscle striations (PTAH) in tumor cells of different differentiation but revealed abundant collagen production (trichrome). Spindle-shaped tumor cells were strongly positive for vimentin and weakly positive for NSE, with diffuse cytoplasmic dusting, and failed to stain with S-100 protein, MBP, and cytokeratin. The pleomorphic tumor cells in the spinal nerve having rhabdomyoblastic differentiation were strongly positive for vimentin and skeletal muscle-specific actin (Fig. 6 ) but weakly positive for desmin, with fine cytoplasmic stippling. Electron microscopic examination revealed abundant extracellular collagen production by the spindle cells; however, muscle striation and external basal laminate with double cytoplasmic membrane appearance characteristic of Schwann cells or skeletal muscle fibers were not observed. The inconsistent immunohistochemical reactivity and ultrastructural findings of MPNST have been reported previously and may result from the histogenetic heterogeneity of the tumors, particularly with divergent differentiation. 1, 14 Although the nomenclature of these tumors continues to be confusing and controversial, heterogeneity of MPNST has been now generally accepted. 14 Malignant peripheral nerve sheath tumors are believed to arise from Schwann cells or migratory neural crest stem cells that have pluripotentiality and can differentiate into several different kinds of mesenchymal tissues. 4, 14, 15 The het-erogeneous histogenesis of the tumor may explain its divergent differentiations, inconsistent immunoreactivity, and ultrastructural findings.
The anatomic location and the results of light and electron microscopy and IHC of the tumor reported in this study were consistent with the diagnosis of MPNST with malignant osteogenic, rhabdomyoblastic, and myxomatous differentiation. The term, malignant mesenchymoma or neuromesenchyma (primary mesenchymoma of the peripheral nerve sheaths) could be applied to this case, but this name has traditionally been given to nondescriptive soft tissue sarcomas in which there are regions of welldifferentiated, multiple, different phenotypes such as leiomyosarcoma, osteogenic sarcoma, and liposarcoma. 5 Approximately 15% of the human MPNST show evidence of skeletal muscle, bone, or cartilage differentiation, and even rarer variants have glandular or squamous differentiation. 3, 14 In humans, as well as in dogs, the presence of divergent differentiation in MPNST generally indicates a poor prognosis. 11 This was true for this study also in which the animal was euthanized because of poor prognosis. The specific cause and causative factors involved in the development of the MPNST with divergent mesenchymal differentiation are unknown, although radiation exposure and association with hereditary mutation of NF-1 gene have been incriminated in some cases. 2, 14 
